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(57) ABSTRACT

A passenger counting system that can count correctly the
number of persons present in a vehicle, including persons
sitting on the back seat, is provided. The passenger counting
system includes an image capturing device 11 which is
arranged outside the vehicle and which captures an image of
the vehicle from the lateral direction of the vehicle, an image
acquisition unit 31 that controls the image capturing device
11 and acquires an image in which the inside of the vehicle
is captured as an input image, a profile detection unit 32 that
detects a profile of a person from a partial image obtained
from the input image based on an image feature amount
calculated by using the partial image and outputs a detection
result, and a passenger number determination unit 33 that
determines the number of persons present in the vehicle
based on the detection result.
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PASSENGER COUNTING SYSTEM,
PASSENGER COUNTING METHOD AND
PASSENGER COUNTING PROGRAM

This application is a National Stage Entry of PCT/JP2013/
005368 filed on Sep. 11, 2013, which claims priority from
Japanese Patent Application 2012-231729 filed on Oct. 19,
2012, the contents of all of which are incorporated herein by
reference, in their entirety.

TECHNICAL FIELD

The present invention relates to a system that counts the
number of persons present in a vehicle based on an input
image obtained by capturing an image of the vehicle from
outside of the vehicle by a camera, in particular to a
passenger counting system, a passenger counting method,
and a passenger counting program, which count the number
of persons present in a vehicle by detecting profiles of
persons from an input image obtained by capturing an image
of the vehicle from outside of the vehicle from the lateral
direction of the vehicle.

BACKGROUND ART

As a technique related to the present invention, a system
is proposed which counts the number of persons present in
a vehicle based on an input image obtained by capturing an
image of the vehicle from outside of the vehicle by a camera.
PLT 1 and PLT 2 describe techniques that count the number
of persons present in a vehicle by detecting faces and heads
of persons based on an input image obtained by capturing an
image of the vehicle by a camera from a position in front of
the vehicle.

CITATION LIST
Patent Literature

PLT 1: WO 2008/099146
PLT 2: WO 2011/128668

SUMMARY OF INVENTION
Technical Problem

The techniques described in PLT 1 and PLT 2 have a
problem that the number of persons sitting on the back seat
of the vehicle may not be able to count correctly because the
input image does not have a clear image of faces and heads
of persons sitting on the back seat of the vehicle.

Therefore, an object of the present invention is to provide
a passenger counting system, a passenger counting method,
and a passenger counting program, which can correctly
count the number of persons present in a vehicle, including
persons sitting on the back seat.

Solution to Problem

The passenger counting system according to the present
invention includes an image capturing device which is
arranged outside a vehicle and which captures an image of
the vehicle from the lateral direction of the vehicle, an image
acquisition means that controls the image capturing device
and acquires an image in which the inside of the vehicle is
captured as an input image, a profile detection means that
detects a profile of a person from a partial image obtained
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from the input image based on an image feature amount
calculated by using the partial image and outputs a detection
result, and a passenger number determination means that
determines the number of persons present in the vehicle
based on the detection result.

The passenger counting system according to the present
invention includes an image capturing device which is
arranged outside a vehicle and which captures an image of
the vehicle from the lateral direction and the front direction
of the vehicle, an image acquisition means that controls the
image capturing device, acquires an image in which the
inside of the vehicle is captured from the lateral direction as
a lateral direction input image, and acquires an image in
which the inside of the vehicle is captured from the front
direction as a front input image, a face detection means that
detects a profile of a person from a partial image in the
lateral direction input image and detects a frontal face of a
person from a partial image in the front input image based
on image feature amounts calculated by using the partial
images obtained from the lateral direction input image and
the front input image and outputs a detection result, and a
passenger number determination means that determines the
number of persons present in the vehicle based on the
detection result.

The passenger counting method according to the present
invention captures an image of a vehicle from the lateral
direction of the vehicle by an image capturing device
arranged outside the vehicle, control the image capturing
device, acquires an image in which the inside of the vehicle
is captured as an input image, detects a profile of a person
from a partial image obtained from the input image based on
an image feature amount calculated by using the partial
image, outputs a detection result, and determines the number
of persons present in the vehicle based on the detection
result.

The passenger counting program according to the present
invention causes a computer to execute image capturing
processing that captures an image of a vehicle from a lateral
direction of the vehicle by an image capturing device
arranged outside the vehicle, image acquisition processing
that controls the image capturing device and acquires an
image in which inside of the vehicle is captured as an input
image; profile detection processing that detects a profile of
a person from a partial image obtained from the input image
based on an image feature amount calculated by using the
partial image and outputs a detection result, and passenger
number determination processing that determines the num-
ber of persons present in the vehicle based on the detection
result.

Advantageous Effects of Invention

According to the present invention, it is possible to count
correctly the number of persons present in a vehicle, includ-
ing persons sitting on the back seat.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 It depicts an explanatory diagram illustrating an
overview of a first exemplary embodiment of a passenger
counting system according to the present invention.

FIG. 2 It depicts a block diagram illustrating a configu-
ration of the first exemplary embodiment of the passenger
counting system according to the present invention.

FIG. 3 It depicts a flowchart illustrating an operation of
the first exemplary embodiment of the passenger counting
system according to the present invention.
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FIG. 4 Tt depicts an explanatory diagram illustrating an
overview of a second exemplary embodiment of the pas-
senger counting system according to the present invention.

FIG. 5 It depicts a block diagram illustrating a configu-
ration of the second exemplary embodiment of the passenger
counting system according to the present invention.

FIG. 6 It depicts a flowchart illustrating an operation of
the second exemplary embodiment of the passenger count-
ing system according to the present invention.

FIG. 7 It depicts a block diagram illustrating a main part
of the passenger counting system according to the present
invention.

DESCRIPTION OF EMBODIMENTS

Next, exemplary embodiments of the passenger counting
system according to the present invention will be described
with reference to the drawings.

Exemplary Embodiment 1

FIG. 1 is an explanatory diagram illustrating an overview
of the first exemplary embodiment (exemplary embodiment
1) of the passenger counting system according to the present
invention. FIG. 2 is a block diagram illustrating a configu-
ration of the first exemplary embodiment of the passenger
counting system according to the present invention.

As illustrated in FIG. 1, the passenger counting system of
the present exemplary embodiment includes an image cap-
turing device 1 which is arranged outside a vehicle and
which captures an image inside the vehicle from the lateral
direction of the vehicle (the left or right direction when the
traveling direction is defined as the forward direction) and a
passenger counting device 2 that counts the number of
persons present in the vehicle based on the image captured
by the image capturing device 1.

The image capturing device 1 may be, for example, a still
camera that captures a still image or a video camera that
captures a moving image.

As illustrated in FIG. 2, the passenger counting device 2
includes an image acquisition means 21 that controls the
image capturing device 1 and acquires an image in which the
inside of the vehicle is captured, a profile detection means 22
that detects a profile of a person based on the image acquired
by the image acquisition means 21, and a passenger number
determination means 23 that determines the number of
persons present in the vehicle based on a result detected by
the profile detection means 22. Each means included in the
passenger counting device 2 is realized by an information
processing device such as, for example, hardware designed
to perform specific arithmetic processing or a CPU (Central
Processing Unit) that operates according to a program.

The image acquisition means 21 controls the image
capturing device 1 and acquires an image in which the inside
of the vehicle is captured. The image acquisition means 21
may acquire an image in which a vehicle of an image
capturing target is captured by controlling the image cap-
turing device 1 according to passing timing of the vehicle,
which is obtained from a sensor that detects the presence of
the vehicle, such as, for example, a passage sensor and a
weight sensor arranged on a course on which the vehicle
travels. The image acquisition means 21 may control the
image capturing device 1 to continuously capture a plurality
of images and to input the images to the image acquisition
means 21, and the image acquisition means 21 may deter-
mine whether or not an image of the inside of a vehicle is
captured by performing image processing such as detecting
a window frame by template matching and acquire an image
in which the inside of a vehicle, which is an image capturing
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target, is captured. Further, the image acquisition means 21
may acquire a plurality of images in which a vehicle being
an image capturing target is captured.

For example, when the image acquisition means 21 con-
trols the image capturing device 1 by using a passage sensor,
the image capturing device 1 and the passage sensor are
installed after the positional relationship between the image
capturing device 1 and the passage sensor are determined so
that the image capturing device 1 can capture a person on a
back seat when the passage sensor detects a vehicle. The
image acquisition means 21 can capture the person on the
back seat at a desired angle of view by capturing an image
of the inside of the vehicle by controlling the image cap-
turing device 1 according to detection timing of the passage
sensor. Further, the image acquisition means 21 may acquire
a plurality of images in which a vehicle is captured which is
an image capturing target.

The profile detection means 22 calculates an image fea-
ture amount by using a partial image surrounded by a
rectangle with a predetermined aspect ratio, which is
obtained from an image acquired by the image acquisition
means 21 (hereinafter referred to as an input image) and
determines whether or not the partial image includes a
profile of a person based on the image feature amount, and
thereby detects a profile of a person from the input image.
The profile detection means 22 may output information
indicating whether or not each partial image includes a
profile of a person as a detection result or may output a score
indicating a likeness of a profile of a person in an image
included in each partial image as a detection result.

The profile detection means 22 may determine a range of
the partial image based on, for example, the size of a profile
of'a person in an input image, which varies according to the
distance between the image capturing device 1 and the
vehicle. The profile detection means 22 may limit the range
of'the partial image to a predetermined range in which inside
of'a vehicle may be captured. The profile detection means 22
may limit the range of the partial image by detecting a
window frame by image processing such as template match-
ing. The profile detection means 22 may limit the range of
the partial image to an existing range of a vehicle or an
existing range of a window frame, which are detected by
using a laser range scanner, a passage sensor, or the like.

The profile detection means 22 can use an image feature
amount based on position, orientation, strength, and lumi-
nance gradient of an edge, which can be calculated from a
partial image including a profile outline from forehead to
chin, as the image feature amount. The partial image may
include ears and neck. In some cases, the feature is not well
extracted on this occasion because an outside scene is
reflected on a window glass of the vehicle, the input image
is blurred due to movement of the vehicle, or the illuminance
inside the vehicle is insufficient. Therefore, the profile
detection means 22 may extract the image feature amount
after performing preprocessing that alleviates these factors.
For example, the profile detection means 22 can remove a
reflection component to the window glass by using a polar-
izing filter by using polarization property of specular reflec-
tion component. Further, in order to remove the blur due to
movement, the profile detection means 22 may estimate the
degree of movement blur and perform processing that
restores an image degraded due to the movement blur.
Alternatively, when the illuminance is not sufficient, the
profile detection means 22 may correct contrast by perform-
ing processing that uniformizes the illuminance. By doing
s0, it is possible to improve detection accuracy.
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Further, the profile detection means 22 may perform
preprocessing (for example, blurring in the vertical direc-
tion) after which vertical edges remain because a profile
outline from forehead to chin and the like are mainly formed
by edges in the vertical direction. Thereby, the profile
detection means 22 can reduce influence of a superimposed
component of reflection in directions other than the vertical
direction, noise, and the like, so that the profile detection
means 22 can improve a detection rate. In this case, the
profile detection means 22 may estimate the strength of the
superimposed component from a position from which an
image of a person is not captured in the window glass of the
vehicle, and control the degree of blurring in the vertical
direction.

The passenger number determination means 23 deter-
mines the number of persons present in the vehicle by using
the detection result of the profile detection means 22.
Specifically, when the profile detection means 22 outputs
whether or not each partial image includes a profile of a
person, the passenger number determination means 23 deter-
mines the number of partial images determined to include a
profile of a person as the number of persons present in the
vehicle. When the profile detection means 22 outputs a score
indicating a likeness of a profile of a person in an image
included in each partial image, the passenger number deter-
mination means 23 determines the number of partial images
determined to include an image that looks like a profile of a
person by a comparison between the score and a predeter-
mined score threshold value as the number of persons
present in the vehicle.

When a plurality of partial images can be superimposed,
the passenger number determination means 23 may integrate
the partial images into one partial image. In this case, the
passenger number determination means 23 may integrate all
of the plurality of superimposed partial images into one
partial image, or when a numerical ratio of image ratio of the
superimposed partial images is greater than a predetermined
numerical ratio, the passenger number determination means
23 may integrate the superimposed partial images into one
partial image.

Next, an operation of the passenger counting system of
the present exemplary embodiment will be described. FIG.
3 is a flowchart illustrating the operation of the first exem-
plary embodiment of the passenger counting system accord-
ing to the present invention.

The image acquisition means 21 controls the image
capturing device 1 and acquires an image in which the inside
of a vehicle is captured (step Al). The profile detection
means 22 sequentially selects partial images surrounded by
a rectangle with a predetermined aspect ratio, which are
obtained from an input image acquired by the image acqui-
sition means 21 (step A2). Then, the profile detection means
22 detects a profile of a person from a partial image based
on an image feature amount calculated by using the partial
image (step A3).

When it is determined that the selection of all partial
images from which a profile of a person should be detected
and the profile detection from the input image are completed
(YES in step A4), the passenger number determination
means 23 determines the number of persons present in the
vehicle based on a detection result related to profiles of
persons outputted by the profile detection means 22 (step
A5). When it is determined at step A4 that the selection and
the profile detection are not completed, the processing of
step A2 and step A3 is repeated.

The passenger counting system of the present exemplary
embodiment detects profiles of persons from an input image
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obtained by capturing an image of a vehicle by a camera
from outside of the vehicle from the lateral direction of the
vehicle. Thereby, the passenger counting system can detect
a person sitting on the back seat of the vehicle, who is
possibly not able to capture sufficiently in an image obtained
by photographing the vehicle from the front of the vehicle.
Therefore, the passenger counting system of the present
exemplary embodiment can count correctly the number of
persons present in a vehicle, including persons sitting on the
back seat.

Second Exemplary Embodiment

FIG. 4 is an explanatory diagram illustrating an overview
of the second exemplary embodiment of the passenger
counting system according to the present invention. FIG. 5
is a block diagram illustrating a configuration of the second
embodiment of the passenger counting system according to
the present invention. In the description below, the descrip-
tion of the same parts as those of the first exemplary
embodiment will be omitted.

As illustrated in FIGS. 4 and 5, the passenger counting
system of the present exemplary embodiment is different
from the passenger counting system of the first exemplary
embodiment illustrated in FIG. 2 in a point that an image
capturing device 3 that captures an image inside a vehicle
from the front of the vehicle is further included. As illus-
trated in FIG. 5, a passenger counting device 4 of the
passenger counting system of the present exemplary
embodiment is different from the passenger counting system
of the first exemplary embodiment in a point that the
passenger counting device 4 further includes an image
acquisition means 24 and a frontal face detection means 25
and includes a passenger number determination means 26
instead of the passenger number determination means 23.

The image capturing device 3 may be a still camera that
captures a still image or a video camera that captures a
moving image.

The image acquisition means 24 controls the image
capturing device 3 and acquires an image in which the inside
of'the vehicle is captured. At this time, the image acquisition
means 24 may acquire an image in which a vehicle of an
image capturing target is captured by controlling the image
capturing device 3 according to passing timing of the
vehicle, which is obtained from a sensor that detects the
presence of the vehicle, such as a passage sensor and a
weight sensor arranged on a course on which the vehicle
travels. The image acquisition means 24 may determine
whether or not an image of the inside of the vehicle is
captured in each image obtained by controlling the image
capturing device 3 to continuously capture a plurality of
images by image processing such as detecting a window
frame by template matching, and may acquire an image in
which the inside of the vehicle, which is an image capturing
target, is captured.

For example, when the image acquisition means 24 con-
trols the image capturing device 3 by using a passage sensor,
the image capturing device 3 and the passage sensor are
installed after the positional relationship between the image
capturing device 3 and the passage sensor are determined so
that the image capturing device 3 can capture a person on a
front seat when the passage sensor detects a vehicle. The
image acquisition means 24 can capture the person on the
front seat at a desired angle of view by capturing an image
of the inside of the vehicle by controlling the image cap-
turing device 3 according to detection timing of the passage
sensor. Further, the image acquisition means 24 may acquire
a plurality of images in which a vehicle is captured which is
an image capturing target.
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The frontal face detection means 25 calculates the image
feature amount by using a partial image surrounded by a
rectangle with a predetermined aspect ratio, which is
obtained from an image (hereinafter referred to as an input
image) acquired by the image acquisition means 24. Then,
the frontal face detection means 25 detects a frontal face of
aperson from the input image by determining whether or not
the partial image includes a frontal face of a person based on
the image feature amount. The frontal face detection means
25 may output information indicating whether or not each
partial image is a frontal face of a person as a detection result
or may output a score indicating a likeness of a frontal face
of a person in an image included in each partial image as a
detection result.

The frontal face detection means 25 may determine a
range of the partial image based on the size of a frontal face
of'a person in an input image, which varies according to the
distance between the image capturing device 3 and the
vehicle. The frontal face detection means 25 may limit the
range of the partial image to a predetermined range in which
inside of a vehicle may be captured. The frontal face
detection means 25 may limit the range of the partial image
to a range in which the inside of a vehicle is captured, which
is determined by image processing such as detecting a
window frame by template matching. The frontal face
detection means 25 may limit the range of the partial image
to an existing range of a vehicle or an existing range of a
window frame, which are detected by using a laser range
scanner, a passage sensor, or the like.

The passenger number determination means 26 deter-
mines the number of persons present in the vehicle based on
a person profile detection result obtained by the profile
detection means 22 and a person frontal face detection result
obtained by the frontal face detection means 25. Specifically,
the passenger number determination means 26 determines
the maximum value, the average value, or the sum of the
number of profiles obtained by the profile detection means
22 and the number of frontal faces obtained by the frontal
face detection means 25 as the number of persons present in
the vehicle.

When the detection result of the profile detection means
22 is the information indicating whether or not each partial
image includes a profile of a person, the number of profiles
is the number of partial images determined to be a profile of
a person. When the detection result of the profile detection
means 22 is the score indicating a likeness of a profile of a
person of each partial image, the number of profiles is the
number of partial images determined to be like a profile of
a person by a comparison between the score and a prede-
termined score threshold value. When the detection result of
the frontal face detection means 25 is information indicating
whether or not each partial image includes a frontal face of
a person, the number of frontal faces is the number of partial
images determined to include a frontal face of a person.
When the detection result of the frontal face detection means
25 is the score indicating a likeness of a frontal face of a
person of an image included in each partial image, the
number of frontal faces is the number of partial images
including an image determined to be like a frontal face of a
person by a comparison between the score and a predeter-
mined score threshold value.

At this time, when a plurality of partial images can be
superimposed, the passenger number determination means
26 may integrate the partial images into one partial image.
In this case, the passenger number determination means 26
may integrate all of the plurality of superimposed partial
images into one partial image, or when a numeral ratio of the
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superimposed partial images is greater than a predetermined
numeral ratio, the passenger number determination means
26 may integrate the superimposed partial images into one
partial image.

As another specific example, the passenger number deter-
mination means 26 associates a position of each partial
image that is determined to include a face of a person by the
profile detection means 22 and the frontal face detection
means 25 with a position of a seat inside the vehicle that is
an image capturing target. Then, the passenger number
determination means 26 determines whether or not the seat
position inside the vehicle of each partial image that is
determined to include a profile of a person by the profile
detection means 22 overlaps the seat position inside the
vehicle of each partial image that is determined to include a
frontal face of a person by the frontal face detection means
25. Thereby, the passenger number determination means 26
determines a total number of seat positions where persons sit
and may determine the number of persons present in the
vehicle based on the total number. For example, when the
number of profiles is four, the number of frontal faces is four,
and the number of overlapped seat positions is three, the
number of seat positions that do not overlap each other is
one in each number, so that the passenger number determi-
nation means 26 determines that the total number of persons
is five.

Next, an operation of the passenger counting system of
the present exemplary embodiment will be described. FIG.
6 is a flowchart illustrating the operation of the second
exemplary embodiment of the passenger counting system
according to the present invention.

The image acquisition means 21 and the image acquisi-
tion means 24 control the image capturing device 1 and the
image capturing device 3, respectively, and acquire an image
in which the inside of a vehicle is captured (step A6). The
profile detection means 22 sequentially selects partial
images surrounded by a rectangle with a predetermined
aspect ratio from an image (hereinafter referred to as a
lateral direction input image) acquired by the image acqui-
sition means 21 (step A2). Further, the profile detection
means 22 detects a profile of a person from a partial image
based on an image feature amount calculated from the
partial image (step A3).

The frontal face detection means 25 sequentially selects
partial images surrounded by a rectangle with a predeter-
mined aspect ratio from an image (hereinafter referred to as
a front input image) acquired by the image acquisition
means 24 (step A7). The frontal face detection means 25
detects a frontal face of a person from a partial image based
on an image feature amount calculated from the partial
image (step A8). When it is determined that the selection of
all partial images from which a profile of a person should be
detected and the profile detection from the lateral direction
input image are completed (YES in step A4) and it is
determined that the selection of all partial images from
which a frontal face of a person should be detected and the
frontal face detection from the front input image are com-
pleted (YES in step A9), the passenger number determina-
tion means 26 determines the number of persons present in
the vehicle based on a detection result related to profiles of
persons and a detection result related to frontal faces of
persons (step A10).

The passenger counting system of the present exemplary
embodiment detects persons based on an input images
obtained by capturing images of a vehicle by a camera from
outside of the vehicle from the lateral direction and the front
direction of the vehicle. Thereby, the passenger counting
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system of the present exemplary embodiment has an effect
that it is possible to more correctly count the number of
persons present in the vehicle by reducing blind areas due to
components of the vehicle and persons in the vehicle in
addition to the effect of the passenger counting system of the
first exemplary embodiment.

FIG. 7 is a block diagram illustrating a main part of the
passenger counting system according to the present inven-
tion. The passenger counting system includes an image
capturing device 11 which is arranged outside a vehicle and
which captures an image of the vehicle from the lateral
direction of the vehicle, an image acquisition unit 31 that
controls the image capturing device 11 and acquires an
image in which the inside of the vehicle is captured as an
input image, a profile detection unit 32 that detects a profile
of a person from a partial image obtained from the input
image based on an image feature amount calculated by using
the partial image and outputs a detection result, and a
passenger number determination unit 33 that determines the
number of persons present in the vehicle based on the
detection result.

(1) A passenger counting system including an image cap-
turing device (for example, the image capturing device 1)
which is arranged outside a vehicle and which captures an
image of the vehicle from the lateral direction of the
vehicle, an image acquisition means (for example, the
image acquisition means 21) that controls the image
capturing device and acquires an image in which the
inside of the vehicle is captured as an input image, a
profile detection means (for example, the profile detection
means 22) that detects a profile of a person from a partial
image obtained from the input image based on an image
feature amount calculated by using the partial image and
outputs a detection result, and a passenger number deter-
mination means (for example, the passenger number
determination means 23) that determines the number of
persons present in the vehicle based on the detection
result.

(2) The passenger counting system may be configured so
that the image acquisition means acquires an image in
which the inside of the vehicle is captured as an input
image by controlling the image capturing device accord-
ing to passing timing of the vehicle, which is obtained by
a sensor that is arranged on a course on which the vehicle
travels and detects the presence of the vehicle.

(3) The passenger counting system may be configured so
that the image acquisition means determines whether or
not the inside of the vehicle is captured in a plurality of
images that is continuously captured by detecting a win-
dow frame by using image processing using template
matching and acquires an image in which the inside of the
vehicle is captured as an input image.

(4) The passenger counting system may be configured so
that the profile detection means uses an image feature
amount based on position, orientation, strength, and lumi-
nance gradient of an edge, which can be calculated from
a partial image including a profile outline from forehead
to chin, as the image feature amount.

(5) The passenger counting system may be configured so
that the profile detection means applies preprocessing to
the input image so that vertical edges remain in the input
image.

(6) The passenger counting system may be configured so
that the profile detection means limits a range in the input
image, from which a partial image is cut out, to a
predetermined range in which inside of a vehicle may be
captured, a range in which the inside of a vehicle, which
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is determined by detecting a window frame by using

image processing using template matching, is captured, or

an existing range of a vehicle or an existing range of a

window frame, which are detected by using a laser range

scanner or a passage sensor.

(7) The passenger counting system may be configured so
that the passenger number determination means deter-
mines the number of partial images that are determined to
include a profile of a person by the profile detection means
as the number of persons present in the vehicle.

(8) A passenger counting system including an image cap-
turing device (for example, the image capturing device 1
and the image capturing device 3) which is arranged
outside a vehicle and which captures an image of the
vehicle from the lateral direction and the front direction of
the vehicle, an image acquisition means (for example, the
image acquisition means 21 and the image acquisition
means 24) that controls the image capturing device,
acquires an image in which the inside of the vehicle is
captured from the lateral direction as a lateral direction
input image, and acquires an image in which the inside of
the vehicle is captured from the front direction as a front
input image, a face detection means (for example, the
profile detection means 22 and the frontal face detection
means 25) that detects a profile of a person from a partial
image in the lateral direction input image and detects a
frontal face of a person from a partial image in the front
input image based on image feature amounts calculated
by using the partial images obtained from the lateral
direction input image and the front input image and
outputs a detection result, and a passenger number deter-
mination means (for example, the passenger number
determination means 26) that determines the number of
persons present in the vehicle based on the detection
result.

(Supplementary note 1) A passenger counting system may

be configured so that when a plurality of partial images that

is determined to include a profile of a person by a profile
detection means can be superimposed, a passenger number
determination means performs processing to integrate the
plurality of partial images into one partial image and deter-

mines the number of partial images determined to include a

profile of a person after the processing as the number of

persons present in the vehicle.

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2012-
231729, filed on Oct. 19, 2012, the entire contents of which
are incorporated herein by reference.

While the claimed invention has been described with
reference to the exemplary embodiments, the claimed inven-
tion is not limited to the exemplary embodiments described
above. Various modifications apparent to those skilled in the
art may be made on the configuration and details of the
claimed invention within the scope of the claimed invention.

INDUSTRIAL APPLICABILITY

The present invention is applied to usages such as a
system that determines a toll of a toll road according to the
number of persons present in the vehicle and a system that
determines whether or not to allow a vehicle to travel in a
traffic lane according to the number of persons present in the
vehicle.

REFERENCE SIGNS LIST

1, 3 Image capturing device
2, 4 Passenger counting device
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21, 24 Image acquisition means

22 Profile detection means

23, 26 Passenger number determination means
25 Frontal face detection means

What is claimed is:

1. A passenger counting system comprising:

an image capturing device having a lens, the image
capturing device being arranged outside a vehicle for
capturing an image of the vehicle from a lateral direc-
tion of the vehicle;

a frontal image capturing device having a lens, the frontal
image capturing device being arranged outside the
vehicle for capturing an image of the vehicle from a
front direction of the vehicle; and

a microprocessor including:

an image acquisition unit that controls the image captur-
ing device during passing timing of the vehicle and
acquires an image in which the inside of the vehicle is
captured as an input image;

a frontal image acquisition unit that controls the frontal
image capturing device during passing timing of the
vehicle and acquires an image in which the inside of the
vehicle is captured from the front direction as a front
input image;

a profile detection unit that detects a profile of a person
from a partial image obtained from the input image
based on an image feature amount calculated by using
the partial image and outputs a detection result;

a frontal face detection unit that detects a frontal face of
a person from a partial image in the front input image
based on image feature amount calculated by using the
partial image obtained from the front input image and
outputs a detection result; and

a passenger number determination unit that determines
the number of persons present in the vehicle based on
the detection results,

wherein the passenger number determination unit deter-
mines whether or not a seat position inside the vehicle
of each partial image that is determined to include a
profile of a person by the profile detection unit overlaps
a seat position inside the vehicle of each partial image
that is determined to include a frontal face of a person
by the frontal face detection unit, determines a total
number of seat positions where persons sit, and deter-
mines the number of persons present in the vehicle
based on the total number of the seat positions.

2. The passenger counting system according to claim 1,

wherein

the image acquisition unit acquires an image in which the
inside of the vehicle is captured as an input image by
controlling the image capturing device according to
passing timing of the vehicle, which is obtained by a
sensor that is arranged on a course on which the vehicle
travels and detects presence of the vehicle.

3. The passenger counting system according to claim 1,

wherein

the image acquisition unit determines whether or not the
inside of the vehicle is captured in a plurality of images
that is continuously captured by detecting a window
frame by using image processing using template match-
ing and acquires an image in which the inside of the
vehicle is captured as an input image.

4. The passenger counting system according to claim 1,

wherein

the profile detection unit uses an image feature amount
based on position, orientation, strength, and luminance
gradient of an edge, which can be calculated from a
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partial image including a profile outline from forehead
to chin, as the image feature amount.
5. The passenger counting system according to claim 4,

wherein

the profile detection unit applies preprocessing to the
input image so that vertical edges remain in the input
image.

6. The passenger counting system according to claim 1,

wherein

the profile detection unit limits a range in the input image,
from which a partial image is cut out, to a predeter-
mined range in which inside of a vehicle may be
captured, a range in which the inside of a vehicle,
which is determined by detecting a window frame by
using image processing using template matching, is
captured, or an existing range of a vehicle or an existing
range of a window frame, which are detected by using
a laser range scanner or a passage sensor.

7. The passenger counting system according to claim 1,

wherein

the passenger number determination unit determines the
number of partial images that are determined to include
a profile of a person by the profile detection unit as the
number of persons present in the vehicle.

8. A passenger counting method comprising:

capturing an image of a vehicle from a lateral direction of
the vehicle by an image capturing device, which has a
lens, arranged outside the vehicle;

capturing an image of the vehicle from a front direction of
the vehicle by a frontal image capturing device, which
has a lens, arranged outside the vehicle;

controlling the image capturing device during passing
timing of the vehicle and acquiring an image in which
the inside of the vehicle is captured as an input image;

controlling the frontal image capturing device during
passing timing of the vehicle and acquiring an image in
which the inside of the vehicle is captured from the
front direction as a front input image;

detecting a profile of a person from a partial image
obtained from the input image based on an image
feature amount calculated by using the partial image
and outputting a detection result;

detecting a frontal face of a person from a partial image
in the front input image based on image feature amount
calculated by using the partial image obtained from the
front input image and outputs a detection result; and

determining the number of persons present in the vehicle
based on the detection results,

wherein, when the number of persons present in the
vehicle is determined, determining whether or not a
seat position inside the vehicle of each partial image
that is determined to include a profile of a person by the
detecting a profile of a person overlaps a seat position
inside the vehicle of each partial image that is deter-
mined to include a frontal face of a person by the
detecting a frontal face of a person, determining a total
number of seat positions where persons sit, and deter-
mining the number of persons present in the vehicle
based on the total number of the seat positions.

9. A non-transitory computer readable information record-

ing medium storing a passenger counting program that,
when executed by a processor, performs a method for:

capturing an image of a vehicle from a lateral direction of
the vehicle by an image capturing device, which has a
lens, arranged outside the vehicle;
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capturing an image of the vehicle from a front direction of
the vehicle by a frontal image capturing device, which
has a lens, arranged outside the vehicle;
controlling the image capturing device during passing
timing of the vehicle and acquiring an image in which
the inside of the vehicle is captured as an input image;
controlling the frontal image capturing device during
passing timing of the vehicle and acquiring an image in
which the inside of the vehicle is captured from the
front direction as a front input image;
detecting a profile of a person from a partial image
obtained from the input image based on an image
feature amount calculated by using the partial image
and outputting a detection result;
detecting a frontal face of a person from a partial image
in the front input image based on image feature amount
calculated by using the partial image obtained from the
front input image and outputs a detection result; and
determining the number of persons present in the vehicle
based on the detection results,
wherein, when the number of persons present in the
vehicle is determined, determining whether or not a
seat position inside the vehicle of each partial image
that is determined to include a profile of a person by the
detecting a profile of a person overlaps a seat position
inside the vehicle of each partial image that is deter-
mined to include a frontal face of a person by the
detecting a frontal face of a person, determining a total
number of seat positions where persons sit, and deter-
mining the number of persons present in the vehicle
based on the total number of the seat positions.
10. The passenger counting system according to claim 2,
wherein
the image acquisition unit determines whether or not the
inside of the vehicle is captured in a plurality of images
that is continuously captured by detecting a window
frame by using image processing using template match-
ing and acquires an image in which the inside of the
vehicle is captured as an input image.
11. The passenger counting system according to claim 2,
wherein
the profile detection unit uses an image feature amount
based on position, orientation, strength, and luminance
gradient of an edge, which can be calculated from a
partial image including a profile outline from forehead
to chin, as the image feature amount.
12. The passenger counting system according to claim 3,
wherein
the profile detection unit uses an image feature amount
based on position, orientation, strength, and luminance
gradient of an edge, which can be calculated from a
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partial image including a profile outline from forehead
to chin, as the image feature amount.

13. The passenger counting system according to claim 2,
wherein

the profile detection unit limits a range in the input image,
from which a partial image is cut out, to a predeter-
mined range in which inside of a vehicle may be
captured, a range in which the inside of a vehicle,
which is determined by detecting a window frame by
using image processing using template matching, is
captured, or an existing range of a vehicle or an existing
range of a window frame, which are detected by using
a laser range scanner or a passage sensor.

14. The passenger counting system according to claim 3,
wherein

the profile detection unit limits a range in the input image,
from which a partial image is cut out, to a predeter-
mined range in which inside of a vehicle may be
captured, a range in which the inside of a vehicle,
which is determined by detecting a window frame by
using image processing using template matching, is
captured, or an existing range of a vehicle or an existing
range of a window frame, which are detected by using
a laser range scanner or a passage sensor.

15. The passenger counting system according to claim 4,
wherein

the profile detection unit limits a range in the input image,
from which a partial image is cut out, to a predeter-
mined range in which inside of a vehicle may be
captured, a range in which the inside of a vehicle,
which is determined by detecting a window frame by
using image processing using template matching, is
captured, or an existing range of a vehicle or an existing
range of a window frame, which are detected by using
a laser range scanner or a passage sensor.

16. The passenger counting system according to claim 2,
wherein

the passenger number determination unit determines the
number of partial images that are determined to include
a profile of a person by the profile detection unit as the
number of persons present in the vehicle.

17. The passenger counting system according to claim 3,
wherein

the passenger number determination unit determines the
number of partial images that are determined to include
a profile of a person by the profile detection unit as the
number of persons present in the vehicle.
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